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                          ABSTRACT 
 
The present work deals with the synthesis and characterization of hydroxyapatite- barium titanate 
composite. The composites have been prepared varying the barium titanate amount in the range 
of 10- 40 weight% in the hydroxyapatite matrix. The barium titanate powders used in this study 
has been prepared following solid state synthesis technique, followed by the grinding in a pot 
mill. The synthesized barium titanate powders have been characterized using X-ray diffraction, 
particle size analysis and isoelectric point measurements. A stabilized barium titanate suspension 
has been prepared using Darvan-C polyelectrolyte at basic pH. 
Calcium nitrate tetrahydrate (Ca(NO3)2. 4H2O ) and  di-ammonium hydrogen phosphate 
((NH4)2HPO4) have been used as precursors for calcium (Ca
2+)
 and phosphate ((PO4)
3-)
 ions 
respectively, which were then precipitated over the stabilized barium titanate suspension. The 
suspension has been allowed to settle, washed with cold water and calcined to obtain the 
composite powders. The synthesized hydroxyapatite-barium titanate composites have been 
characterized using X-ray diffraction and dilatometry. The synthesized composite powders have 
been pelletized and sintered at three different temperatures. The sintered pellets have been 
characterized using bulk density, shrinkage and X-ray diffraction measurements. The pellets are 
coated with silver paste and have been characterized for their dielectric behavior using a 
dielectric interface. 
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                    Introduction 
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Hydroxyapatite which is given by the formula ( Ca10(PO4)6(OH)2) is  a  well-known  bio- 
material which  belongs  to the  calcium  phosphate  group [1].  Hydroxyapatite  is  also  an  
important  component  of  human  body  parts  which  are  hard  such  as  bone  and  teeth etc.[2] 
Hydroxyapatite is a well-studied bioactive material.  It  can  form  biological and  chemical 
bonds with  the  surrounding  body  tissues  after  implantation [3]. Further  hydroxyapatite  is  
entirely  non-toxic  and  exhibits good  biocompatibility  with  several  tissues  such  as  skin,  
muscle  tissues  and  also  hard  tissues  such  as  bone [4]. All these properties make 
hydroxyapatite as one of the most useful biomaterial.
 
The  exchange  of  phosphate (PO4
3-
 )  and  
calcium (Ca
2+
) ions  to precipitate  more apatite  on  the hydroxyapatite surface is recognized as 
the mechanism of interaction between bone and hydroxyapatite. This  process  helps in  bonding 
of  the  implant  with  the  bone  of  the  host  and  also  promote  bone  formation [5,6]. 
Therefore the usefulness of hydroxyapatite as a biomaterial is undoubtable. However there may 
be certain ways or techniques to further improve the bone integration property of hydroxyapatite, 
which may lead to improved cell proliferation and growth. This would further improve the 
integration of the implant with the body and enhance bone healing [7].
 
The polarization of hydroxyapatite seems to be a good choice in this regard. It has been found 
that there is much better bone growth and osteobonding due to the generation of charge on the 
surface of polarised hydroxyapatite [8-11]. The polarization of the hydroxyapatite surface does 
not occur by the same mechanism of polarization as in ferroelectrics i.e. dipole rotation. Rather it 
was assumed to develop under an applied electric field by the migration of protons in the 
hydroxyl (OH-) columns of the hydroxyapatite [12]. Further, it was observed that the negatively 
charged surface of the polarized hydroxyapatite showed an enhanced growth of apatite crystals 
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[12]. Polarization of hydroxyapatite has been achieved at high temperatures by using an electric 
field [13]. Similarly polarization of barium titanate ceramic which is done after poling treatment 
at high temperature (above the Curie temperature) exhibits an increased growth of calcium 
phosphate crystals in the negative surface [14]. 
In this context the synthesis of hydroxyapatite-barium titanate composite assumes an important 
position. This composite material showed enhanced osteogenesis compared to pure 
hydroxyapatite [15].  
Thus the present work aims to prepare the composite of hydroxyapatite-barium titanate through 
the coating of barium titanate with hydroxyapatite. Therefore the objective of the study is 
underlined as follows: 
1.1 Objective of the present study: 
o To prepare barium titanate powder sample. 
o To stabilize the barium titanate powder sample using polyelectrolyte. 
o To prepare hydroxyapatite-barium titanate composite powder sample by the proposed 
coating mechanism as shown in Fig 1.1. 
o To characterize the hydroxyapatite-barium titanate composite sample.           
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Proposed mechanism for the hydroxyapatite-barium 
titanate composite preparation 
 
 
Fig 1.1 The proposed coating mechanism for hydroxyapatite-barium titanate composite   
preparation. 
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2.1 Preparation of barium titanate 
Xia et. al. [16] have studied the effect of different precursors on the properties of the barium 
titanate powders produced from hydrothermal method. The various precursors combination used 
were Ba(OH)2.8H2O and TiO2 in aqueous media ; barium acetate and TiO2 in aqueous media; 
and Ba(OH)2.8H2O and tetrabutyl titanate in either aqueous or alcohol solution as the reaction 
media. It has been reported that the amount of barium titanate formation depends on the reaction 
temperature, alkalinity of the precursor solution and the Ba/Ti ratio.  It has also been reported 
that the yield of BaTiO3 increases with increase in reaction temperature, alkalinity of the 
precursor solution and the Ba/Ti ratio. Further powders synthesized using tetrabutyl titanate are 
smaller as compared to the powders synthesized using TiO2.     
Buscaglia et. al. [17] have studied the effect of different particle sizes of the barium carbonate 
precursor on the calcination temperature and the properties of barium titanate prepared by solid 
state synthesis method. The barium carbonate precursor had a combination of three different 
particle sizes (650, 140, and 50 nm), while the TiO2 used was nanocrystalline having a particle 
size of 70 nm. It has been reported that the calcination temperature influences the yield of barium 
titanate powder by solid state synthesis. Barium titanate powder characteristics depend on the 
size of barium carbonate used for the synthesis. It has also been reported that the calcination 
temperature for the formation of pure barium titanate increased on using coarse fraction of 
barium carbonate. Further the powder of barium titanate synthesized using coarse fraction of 
barium carbonate was large in size as compared to powders synthesized from the fine fraction of 
BaCO3.  
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Yane’z et. al. [18] studied the effect of mechanical activation i.e. milling on the barium titanate 
powder produced from barium carbonate and titanium oxide precursor. The milling was carried 
out using stoichiometric solid powder precursors. It has been reported that the formation 
temperature and rate of the formation of the barium titanate depend on the milling process. It has 
also been reported that milling increases the rate of formation of barium titanate while it reduces 
the formation temperature. 
Chen et. al.[19] have studied the properties of barium titanate powder synthesized through two 
different routes- conventional batch stirred tank reactor( BSTR) method and high gravity reactive 
preparation( HGRP). The precursors used in both the cases were BaCl2.H2O and TiCl4. It has 
been reported that the powders synthesized in the conventional technique have a larger average 
particle size as compared to the powder prepared using HGRP.  It has been further reported that 
the dielectric and sintering properties are similar for both the techniques. 
2.2 Preparation of hydroxyapatite: 
I. Bogdanoviciene et. al. [20] studied the effect of different complexing agents on the  
hydroxyapatite synthesized through sol-gel technique. The complexing agents used in the study 
were ethylene diammine tetra-acetic acid (EDTA) and tartaric acid (TA). The precursors used for 
the synthesis were ammonium hydrogen phosphate ((NH4)2HPO4) and calcium acetate 
monohydrate. It has been reported that the characteristics of the obtained hydroxyapatite depends 
upon the type of complexing agent used for the synthesis. It has been further reported that the 
hydroxyapatite powder obtained from the EDTA route showed agglomerated structure, the 
powders obtained from TA route gives powders having rod like structure. 
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I. Mobasherpour et. al [4] have studied the effect of calcination temperature on the 
hydroxyapatite prepared through the precipitation technique. The precursors used were calcium 
nitrate tetrahydrate which acts as the source of calcium and di- ammonium hydrogen phosphate 
as the source of phosphate. It has been reported that the characteristics of the hydroxyapatite 
powder depends upon the calcination temperature. It has been further reported that the presence 
of hexagonal hydroxyapatite was confirmed with increase in calcination temperature and further 
the size of the powder increases with the increase in calcination temperature. 
Yang et.al. [21] have studied the thermal stability of the hydroxyapatite prepared through 
precipitation and microwave irradiation technique. The precursors used in both the synthesis 
technique were same: calcium nitrate tetrahydrate as a source of calcium, phosphoric acid as the 
source of phosphate, ammonia solution and glucose. It has been reported that the thermal 
stability of the hydroxyapatite depends upon the aging time in precipitation technique; and also 
upon the microwave power and time of irradiation. It has been further reported that the thermal 
stability of hydroxyapatite powder increased with the increase in aging time, as well as an 
increase in microwave power and irradiation time. 
Saeri et. al. [22] have studied the effect of aging time and heating of the precipitate on the 
hydroxyapatite prepared through wet precipitation process. The precursors used in the 
preparation of hydroxyapatite were calcium hydroxide as the source of calcium and phosphoric 
acid as the source of phosphate. It has been reported that the characteristics of the prepared 
hydroxyapatite depends upon the aging time and the post-heating temperature of the precipitate. 
It has been further reported that there is growth of hydroxyapatite particles with increase in aging 
time and the crystallinity of the powder increases with increase in temperature upto 1200°C. 
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Tas [23] has studied the synthesis of hydroxyapatite powder through the biomimetic synthesis 
technique. The precursors used were calcium nitrate tetrahydrate as the source of calcium and 
diammonium hydrogen phosphate as the source of phosphate. The synthesis is done in the 
presence of synthetic body fluid (SBF) at 37°C and pH 7.4. It has been reported that the 
hydroxyapatite prepared through this technique showed excellent thermal stability, without 
decomposition even at 1600°C.    
2.3 Stabilization of barium titanate: 
M.C. Blanco Lopez et al. [24] has studied the effect of pH on the stabilization of barium titanate 
dispersed in an aqueous media using both an anionic and cationic polyelectrolyte. Quaternary 
alkyl ammonium polymers of molecular weight 150,000 and 7,600 were used as cationic 
polyelectrolyte while ammonium salt of polyacrylic acid having a molecular weight of 4000 was 
used as the anionic polyelectrolyte. It has been reported that the anionic polyelectrolyte was 
effective in stabilization of the suspension at alkaline pH (>8), while the cationic polyelectrolytes 
with a high molecular weight tend to bridge the particles; and do not help in stabilizing the 
suspension. 
M.C. Blanco Lopez et al. [25] have studied the effect of polyelectrolyte concentration on the 
stabilization of barium titanate dispersed in an aqueous media using both an anionic and cationic 
polyelectrolyte. The polyelectrolytes used were Quaternary alkyl ammonium polymers of 
molecular weight 150,000 and 7,600 as the cationic polyelectrolyte while ammonium salt of 
polyacrylic acid having a molecular weight of 4000 as the anionic polyelectrolyte. It has been 
reported that the cationic polyelectrolytes are not good for stabilization of barium titanate 
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suspension at any pH. It has been further reported that the anionic polyelectrolytes are suitable 
for stabilization at very low concentration of polyelectrolyte at higher pH (>9), while the 
concentration of polyelectrolyte required for stabilization increases with decreasing pH (6-8). 
However flocculation occurred with 0.5% concentration of the anionic polyelectrolyte at pH 4.  
2.4 Hydroxyapatite-barium titanate composite: 
Gittings et. al. [13] have studied the effect of incorporation of barium titanate in hydroxyapatite 
and also tried to polarize a pure hydroxyapatite sample. The precursors for hydroxyapatite-
barium titanate composite were hydroxyapatite and barium titanate powders. Both the pure 
sample as well as the composite was poled, although the poling of composite was done at high 
temperature. It has been reported that 80% of barium titanate was required in the composition for 
the composite to show piezoelectric behavior. It has been further reported that the pure 
hydroxyapatite sample can be polarized at high temperature. 
Feng et. al.[15] have studied the effect of incorporation of barium titanate in hydroxyapatite on 
the osteogenesis behavior of hydroxyapatite. The hydroxyapatite-barium titanate composite were 
prepared by solid mixing and poled. The osteogenesis behavior has been studied by the 
implantation of the composite as well as pure hydroxyapatite sample in the jawbones of dog. It 
has been reported that after poling the composite showed piezoelectric behavior (d33 = 6pC/N). 
It has been further reported that the hydroxyapatite-barium titanate sample showed greater 
osteogenesis as compared to the pure hydroxyapatite sample. 
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3.1 Preparation  of barium titanate powder: 
Barium titanate required in the study was prepared using the solid state synthesis technique. The 
raw materials used were barium carbonate (Merck, 99%) and titanium (IV) oxide (Merck, 99%).  
The solid state reaction between the ingredients can be summarized by equation 1: 
                             BaCO3 + TiO2                      BaTiO3.          - (1) 
A 1:1 stoichiometric amount of barium carbonate and titanium (IV) oxide were taken for the 
synthesis of barium titanate. The raw materials were mixed thoroughly in an agate mortar. The 
dry mixing of the mixture was followed by wet mixing with iso-propyl alcohol, in order to obtain 
an uniform mixture. The process of mixing was repeated several times. This was followed by the 
calcination of the mixture in a raising hearth furnace, at a temperature of 1000°C for 2 hours. 
The Batch composition in Table 3.1: 
 
 
 
 
                       Table 3.1: Batch composition for synthesis of barium titanate powder. 
 
  3.2 Stabilization of barium titanate powder: 
The synthesized barium titanate powders were stabilized using Darvan-C polyelectrolyte. A 
small amount of powder was dispersed in distilled water, followed by the addition of Darvan-C 
Precursors Weight (%) 
BaCO3                  71.19 
TiO2                   28.81 
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polyelectrolyte. The suspension was then set for ultrasonication using an ultrasonic vibratometer. 
The ultrasonication was done for 10 minutes until all the agglomerates are broken down. A 1:1 
ammonia solution was added to the suspension after ultrasonication to maintain a pH of 10. The 
suspension was kept in constant stirring to form a stable suspension.  
3.3 Preparation  of hydroxyapatite- barium titanate   
composite powders: 
The Hydroxyapatite (Ca10(PO4)6(OH)2) required in the study was prepared using calcium nitrate 
tetrahydrate (Ca(NO3)2. 4H2O) and di-ammonium hydrogen phosphate ((NH4)2HPO4) as the 
precursors. The overall reaction for the formation of hydroxyapatite can be summarized by 
equation 2 : 
10 Ca(NO3)2 + 6 (NH4)2HPO4 +8 NH4OH                  Ca10(PO4)6(OH)2 + 20 NH4NO3 + 20 H2O. 
                                                                                                                                               - (2) 
Solutions of 1M strength of calcium nitrate tetrahydrate and di-ammonium hydrogen phosphate 
were prepared. These were mixed to give turbidity at room temperature, which turns into a clear 
solution upon dropwise addition of concentrated nitric acid. The clear solution was transferred 
dropwise to the stabilized barium titanate suspension through a burrete. The pH of the system 
was maintained at 10 with constant stirring of the suspension. The resulting suspension was 
allowed to settle for 24 hours, followed by cold water washings to remove ammonia. The washed 
precipitate was dried at 80°C in an oven and crushed to form a powder. The powder was calcined 
in a raising hearth furnace at 850°C for 2 hours to give the hydroxyapatite- barium titanate 
powders. Four different compositions of the composite were prepared containing 10-40 weight 
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% of barium titanate and a total of 10 g powder was synthesized for each composition. The batch 
composition of the composites was given in Table 3.2. 
 
 COMPOSITION 
( BT- Barium Titanate 
  HA- Hydroxyapatite) 
Weight  of  
Hydroxyapatite(HA)  
in the composition.(g)  
Weight  of   
(Ca(NO3)2. 4H2O) 
required.( in g) 
Weight of   
((NH4)2HPO4) 
required. (in g) 
10 BT – 90 HA                9         21.156         7.09 
20 BT – 80 HA                8         18.805         6.31 
30 BT – 70 HA                7         16.454         5.52 
40 BT – 60 HA                6         14.103         4.73 
 
                Table 3.2: Batch composition of the different compositions of the composite.  
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Fig 3.Flow chart for the composite powder  preparation: 
                                                                           
 
 
 
                                   
 
                           Conc. HNO3(dropwise) 
                                        
         
 
           NH3 solution 
                                                                                                                                     
                                                                                                                                               
                                                                                                                               1:1 NH3 solution 
 
  
BaTiO3+Distilled Water+1wt% 
Darvan-C 
Ultrasonication for 10 minutes 
Stable suspension (pH=10) 
Ca(NO3)2. 
4H2O+Distilled 
Water 
(NH4)2HPO4+ 
Distilled Water 
Mixed at room temperature to give 
turbidity 
Clear solution 
 Cold water washing and settling    
 
Drying and Crushing 
Calcination at 850°C for 2 
hours. 
Hydroxyapatite- Barium 
Titanate Powder. 
Constant Stirring at pH= 10 
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3.4 Pelletization & firing  
0.7g of powder was weighed for preparing pellets of each composition. The powders were mixed 
with few drops of poly-vinyl alcohol (PVA 2%) in an agate mortar. The powders were then 
pressed in a circular die of diameter 12mm at 3 ton pressure with a dwell time of 120 seconds. 
The pellets were then fired at 1100°C, 1050°C and 1000°C with a soaking time of 2 hours. 
3.5 Characterization 
 
 X-ray diffraction (XRD): The XRD of the barium titanate powder, synthesized hydroxyapatite-
barium titanate composite powder and the sintered hydroxyapatite-barium titanate pellets were 
done using Philips X-Ray diffractometer (PW 1730, Holland) with nickel filtered Cu Kα 
radiation (λ = 1.5406 A° ) at 40 kV and 30mA having a scan range(°2 θ) of 15-80° at a scan 
speed (°2 θ/sec) of 0.04. 
Particle size analysis: The particle size distribution of the synthesized barium titanate powder 
was done in an aqueous media using Malvern particle size analyzer. 
Dilatometry: The dilatometry of the hydroxyapatite-barium titanate composite sample 
(containing 40 wt% of barium titanate) was done using a single push rod dilatometer 
(NETZSCH) from 30°C to 1200°C in air. 
Shrinkage: The shrinkage of the sintered pellets were calculated using the following formula: 
              Shrinkage (%) = (Initial Volume – Final Volume)* 100 / Initial Volume 
Bulk Density: The bulk density measurement of the sintered pellets of the composite was done 
by calculating the dry, soaked and suspended weight after putting the pellets in vacuum for 1 
hour. The bulk density is calculated by Archimedes principles and is given by the following 
formula:  
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    Bulk Density = ((Dry Weight) / (Soaked Weight – Suspended Weight))*density of the liquid.   
Dielectric measurements: the sintered pellets were first coated with a silver paste and cured at 
200°C for 30 minutes to provide the electric contacts. The dielectric measurement was done 
using a 1296 Solartron dielectric interface at room temperature. 
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4.1 X-Ray Diffraction pattern of  barium titanate powder: 
The X -Ray Diffraction  pattern  of  the  barium titanate powder  prepared  through  solid state  
route calcined at 1000°C  is shown in Fig. 4.1. 
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Fig 4. 1. X-Ray Diffraction Pattern for the prepared BaTiO3 using solid state synthesis. 
 
The X-ray diffraction pattern shows that the barium titanate synthesized through solid state 
synthesis technique. The powder shows all the peaks of barium titanate and is completely pure in 
phase with no associated impurity. The sample is cubic with lattice parameters a = 4.0060 Å, The 
sample corresponds to JCPDS card no. 79-2263.  
4.2  Particle size analysis: 
The particle size distribution of the barium titanate powder sample was shown in Fig 4.2. The  
particle  size  distribution of  the  barium titanate  powder  after  synthesis  showed  a  bimodal  
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behavior  with  much  larger  particle dimensions. The average particle size d50 was found to be 
11.139 µm. Smaller particle size was desired for the suspension to be more stable.  Therefore the 
powder was milled in a pot mill for 8 hours with a zirconia medium. 
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                                Fig 4.2: Particle Size Distribution of BaTiO3 powder sample. 
The  powders  obtained  after  milling showed  a  monomodal  distribution  of  particles  with 
relatively  smaller  particle  dimensions. The average particle size d50 was found to be 7.08 µm. 
There is a shift in the distribution towards the  lower dimension from the  larger dimensions after 
milling and  the  particles can be used for suspension purpose.        
4.3 Zeta potential analysis: 
The zeta potential of the suspended powders in aqueous media at different pH is shown in 
Fig4.3. The zeta potential of the suspension was found to vary between +21 mV to – 35mV in 
the studied pH range of  2 to 10.  Zeta potential is the measure of the stability of the suspension 
and the system having potential values greater than +30mV or less than -30 mV are stable due to 
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electrostatic repulsion. Therefore the suspension is unstable between pH 2-6 owing to zeta 
potential lying in the unstable zone. While, the suspension at pH 8-10 might show stability. 
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       Fig 4.3 Zeta potential vs. pH curve for BaTiO3 suspension containing no Polyelectrolyte 
 
The Iso-Electric  point i.e. the  pH  at  which  the  Zeta potential  is zero and the system is least 
stable,  is found  to  be  at  3.2. The suspension showed a maximum zeta potential of -35 mV at 
pH 8. This value of zeta potential is assumed to be low for the precipitation of Ca
2+
 and PO4
3-
 
ions to form the surface calcium phosphate layer. 
4.4 Stabilization of the barium titanate powder: 
The zeta potential of the barium titanate suspension as a function of Darvan-C polyelectrolyte 
concentration is shown in Fig4.4. The Zeta potential of the system was measured at two different 
basic pH (9 and 10) as the function of polyelectrolyte concentration. Since hydroxyapatite is to 
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be precipitated at pH 9 or 10, the zeta potential of the barium titanate suspension was analyzed at 
these pH to determine the optimum amount of polyelectrolyte. 
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                               Fig 4.4: Zeta Potential vs. wt% of polyelectrolyte at two different pH 
 
Addition  of  polyelectrolyte  drastically  improves  the zeta  potential to  a  value of  nearly           
-45mV . Further  the  zeta potential  value  peaks  around  -45 mV  for  higher wt%  of   Darvan-
C at  pH 10. It is also noted that the zeta potential value is always better for pH 10 compared to 
pH 9 for the same polyelectrolyte concentration. The much lower Zeta potential value indicates a 
much stable suspension of barium titanate. Therefore, 1 wt%  of   Darvan-C  at  pH 10  was  used  
for  stabilization  of  barium titanate.    
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4.5 X-Ray Diffraction analysis of the prepared composite: 
X-ray diffraction pattern of the calcined hydroxyapatite- barium titanate powder is shown in Fig. 
4.5. The composite powder has been calcined at 850
o
C for 2 h. The X-ray diffraction pattern 
showed the presence of both hydroxyapatite and barium titanate phases. The samples are 
completely phase pure and the patterns further reveal the increase in the amount of barium 
titanate by the intensification of the peaks corresponding to barium titanate. The hydroxyapatite 
in the sample is hexagonal and corresponds to JCPDS card no.72-1243 with lattice parameters a 
= b =9.4320 Å and c = 6.8810Å. 
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         Fig 4.5: X-Ray Diffraction Pattern of Calcined Hydroxyapatite-Barium Titanate Composite.   
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The barium titanate in the sample is cubic and corresponds to JCPDS card no.75-0211 with 
lattice parameters a = 4.0057 Å. Thus a phase pure composite was obtained.  
4.6 Dilatometery of the sample : 
The linear shrinkage behavior of the composite sample (containing 40 wt% barium titanate) with 
respect to temperature is studied by the dilatometer. Fig 4.6 shows the change in length with 
respect to original length of the sample as a function of temperature. The dL/Lo was found to 
increase linearly in the temperature below 950
o
C. This corresponds to the thermal expansion of 
the composite. The onset of densification was found at 950°C. This indicates that practically no 
densification occurs below 950
o
C in this system. The maximum shrinkage was found to be 10% 
at 1200
o
C. The rate of densification was also plotted in the figure. It shows a peak around 
1000°C. This indicates the maximum densification in this temperature zone. 
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  Fig 4.6. Change of length of the sample with respect to initial length and time with    change in 
temperature. 
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4.7 Bulk density of the samples at sintering temperatures: 
The bulk density of the pellets sintered at different temperature as function of composition 
temperature is shown in Fig 4.7. It could be seen from the figure that the bulk density of all the 
compositions increases with increase in sintering temperature. This is due to the increase in 
densification of all samples with increase in temperature, which is quite obvious.  In general the 
bulk density rises with increase in amount of barium titanate in the composite. This may be due 
to the higher density of barium titanate, thereby causing the rise in the density of the composite 
with increased amount of barium titanate. 
 
1000 1020 1040 1060 1080 1100
2.0
2.2
2.4
2.6
2.8
3.0
3.2
B
ul
k 
de
ns
ity
 (
 g
/c
c)
Temperature (C)
 10/90 BT/HA
 20/80 BT/HA
 30/70 BT/HA
 40/60 BT/HA
 
              Fig 4.7 Bulk density of the different compositions as a function of temperature. 
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4.8  Shrinkage of the samples at sintering temperatures 
The shrinkage of the pellets of various compositions as a function of sintering temperature is 
shown in Fig 4.8. It could be seen from Fig 4.8 that the shrinkage of all the compositions 
increases with the increase in the sintering temperature. This is due to the increase in 
densification with temperature. Further shrinkage of the composition decreases with increase in 
the barium titanate amount. This may be due to the densification of hydroxyapatite in the given 
temperature range, therefore the shrinkage increases with increasing hydroxyapatite amount, or 
decreasing barium titanate amount in the composite. 
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                          Fig 4.8 Shrinkage of various compositions as a function of temperature. 
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4.9 X-Ray Diffraction of sintered pellet: 
The X-Ray Diffraction pattern of the sintered pellet is shown in Fig 4.9. It could be seen from the 
figure that the sintered composite mostly contains hydroxyapatite and barium titanate phase. 
However, a trace amount of impurity phases could also be detected from the XRD pattern. The 
impurity phases may be formed due to the reactions between hydroxyapatite and BaTiO3.   
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                             Fig 4.9. X-Ray Diffraction Pattern of the  sintered pellet.     
       
4.10 Dielectric measurement: 
The Dielectric measurements of the various samples were taken at room temperature after 
providing ohmic contacts to the sintered pellets by application of silver electrode. The relative 
permittivity and dielectric dissipation factor has been shown in Fig. 4.10 (a) and (b) respectively.  
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       Fig 4.10(a): The relative permittivity as a function of frequency for different composition of    
                      hydroxyapatite (HA)- barium titanate (BT) Composite at Room Temperature.  
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       Fig 4.10(b): The dielectric  dissipation  as a function of frequency for different composition of    
                      hydroxyapatite (HA)- barium titanate(BT)  composite at room temperature. 
 
As indicated in Fig 4.10(a), the Relative permittivity (εr) increases with the increase in the 
amount of barium titanate in the composition, although the increase is very small. This may be 
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due to the ferroelectric nature of barium titanate and it’s associated high permittivity (1500-
2000). The presence of barium titanate therefore can be said to improve the permittivity of 
hydroxyapatite composite. However the low permittivity values may be due to the porosity in 
the sintered samples.  
Similarly, Fig 4.10(b), shows that the Dielectric dissipation (tan delta) decreases with the 
increase in frequency for all compositions. Further the dielectric loss also decreases with 
increase in barium titanate amount. This may be due to the low dielectric dissipation associated 
with barium titanate. However the dissipation value is comparatively high due to the associated 
porosity in the sintered sample. 
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 Conclusions & scope 
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It can be concluded from the present study that:                                    
1) The various compositions of hydroxyapatite - barium titanate composites were prepared 
by the possible coating of stabilized barium titanate particles by hydroxyapatite. 
2) For the various compositions, while the bulk density showed a rising trend with increased 
barium titanate, the reverse is true for the shrinkage of the samples. 
3) Further the measurement of dielectric properties of barium titanate indicates an increase 
in the relative permittivity values and a decrease in the dielectric dissipation values with 
increase in the barium titanate amount in the composite. Therefore increased amount of 
barium titanate may be useful in producing Polarised hydroxyapatite sample owing to 
rising permittivity and reduced dissipation values.       
 
The further work that can be done in this study are: 
1) The composites containing larger amount of barium titanate should be prepared and 
characterized. 
2) The piezoelectric behavior of all the composite compositions should be tested. 
3) The bioactivity of the composites should be tested in stimulated body fluid (SBF) at 37°C 
and pH 7.4. 
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